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Abstract 
The opening present at the caudal end of sacral canal is known as sacral hiatus. The aim of this study is to 
determine the anatomical variations of sacral hiatus in dry human sacra in southern Nigeria. This study was 
carried out on 54 dry human sacra in southern Nigeria. Various shape of the hiatus were observed which includes 
inverted U- shape (24.1%), inverted V-shape (33.3%), irregular (13.0%), Dumbbell (9.3%) and Bifid (5.6%). 
The apex of sacral hiatus was commonly found at the level of 4
th
 sacral vertebra in 66.7%. The mean length of 
sacral hiatus was 23.65mm. The mean anteroposterior diameter of sacral canal at the apex of sacral hiatus was 
6.11mm.  
In conclusion, the sacral hiatus has anatomical variations and understanding of these variations may improve 
reliability of caudal epidural block. 
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INTRODUCTION 
The opening present at the caudal end of sacral canal is known as sacral hiatus. It is formed due to failure of the 
fusion of lamiae of the fifth sacral vertebral. It is located inferior to the fourth or third fused sacral spines or 
lower end of median crest. On the surface, the hiatus lies about two inches above the tip of the coccyx beneath 
the skin of natal cleft (Peter et al., 2000). The sacral hiatus contains lower sacral and coccygeal nerve root, filum 
terminale external and fibro fatty tissue. A work by Sekguchi et al., (2004) conducted on anatomic study of the 
sacral hiatus using isolated 92 sacra showed that the sacral hiatus has anatomical variations, and understanding 
of these variations may improve the reliability of caudal epidural block. Nagar, (2004) carried out a study on 270 
sacral hiatus in dry human sacra which was observed in dumbbell shaped sacra to be (1.5%), in inverted V shape 
sacra, the sacral hiatus was absent in (0.7%) while it was less in 0.4%. Zarana et al., (2011) carried out a study 
on multicentric morphometric study of 150 dry human sacrum of Indian population in Gujarat region. The 
results obtained was: sacral length (straight) is 11cm in 13 sacra, maximum sacral height (curved) is 11cm in 34 
sacra and maximum sacral breadth is in 11cm in 99 sacra which has a significant difference. The mean distance 
between the hiatal apex and the dural sac has been reported to be 45-60 mm in adults and 31.4mm in children 
while the mean sacral space depth has been observed to be 4.6mm in adults and 3.5mm in infants (Porzionato et 
al., 2011). Math (2010) studied 250 sacral bones to know the sexual difference, after comparing with authors, he 
concluded that demarking point and identification points help in sexing the sacrum with certainty and sacral 
index is the most useful parameter. 
Anjali et al., (2009) Studied 114 dry human sacral and came to the conclusion that single bony landmark may 
not help in locating sacral hiatus because of the anatomical variations. Depth of hiatus less than 3mm may be one 
of the causes for failure of the needle surrounding bony irregularities, shapes of the hiatus and defects in dorsal 
wall of sacral canal should be taken into epidural blocks so as to avoid its failure. A study conducted by Njihia et 
al., (2011) on the morphology of the sacral hiatus in African population showed that the inverted V was the most 
common (32.1%) shape. The apex of the sacral hiatus was at the level of the 4
th
 sacral vertebra in 62% of cases 
and its mean distance from the S2 level was 43.1± 12.9mm whereas the anterior- posterior diameter of the sacral 
hiatus of the apex was 6.4±3.1mm while the hiatus was absent in 1.2% cases. The level of the sacral hiatus in the 
African population implies minimal risk of dural puncture during caudal epidural injections.  
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 The apex of the sacral hiatus in the low back pain patients observed at the S2 level was 46.6% in males and 54.5% 
in females. Patients with low back pain have a higher percentage of deficient dorsal walls in comparison to 
osteological findings (Vinod et al., 1992). A study by Suma et al., (2011) on sacral hiatus of sacral bones in 
southern Indian population has revealed that the apex of the sacral hiatus was commonly found at the level of 4
th
 
sacral vertebra in 77.5% of the bones studied while the base was commonly found at the level of S5 (64.38%). 
The maximum curvature was found commonly found at the level of S3. 
This present study is aimed at determining the anatomical variations in sacral hiatus in southern Nigeria. 
 
MATERIALS AND METHOD 
A total number of Fifty-four (54) unsexed and undamaged adult dry human sacral bones collected from the 
department of Anatomy of different southern Nigerian universities were used for this study. Sacra were 
completely ossified with no deformity. The different parameters of each sacrum were studied which includes: 
1. Anterioposterior diameter of the first sacral body: this is the maximum possible diameter of body of 
first sacral vertebral taking one point on the anterosuperior border and other on the posteriosuperior 
border. 
2. The shape of the sacral hiatus was noted by appearance 
3. Level of apex of sacral hiatus was noted with respect to sacral vertebra. 
4. The length of the sacral hiatus was measured from the midpoint of the base of apex. 
5. Anteroposterior depth of sacral hiatus of the apex is measured. 
6. The transverse width of sacral hiatus at the apex is measured between the inner aspects of inferior limit 
of sacral cornua with the help of digital vernier calipers. 
Digital vernier caliper and a pair of dividers were used to measure the length and the width, while a broom stick 
was used to determine the anteroposterior diameter of the sacral canal. Data was analyzed using descriptive 
statistics and frequencies. 
 
RESULTS 
The result of this study is as shown in the tables below.  
Table 1 shows the shape of sacral hiatus; the shape of the sacral hiatus as observed were mostly the inverted V- 
shape 18(33.1%) and the inverted U- shape in 13 (24.1%) sacra, dumbbell shape in 5(9.3%) sacra, Bifid shape in 
3(5.6%) sacra, Elongated shape in 8(14.8%) sacra and the irregular shape in 7(13.0%) sacra. 
Table 2 shows the level of the apex and base of sacral hiatus; the level of apex of sacral hiatus was found to be 
most common at the 4
th
 sacral vertebra in 36 (66.6%) sacra and also at  3
rd
 sacral vertebra in 11 sacra bones 
(20.4%), the apex was also found at the level of 2
nd
 sacral vertebra in 3 sacra bone (5.9%) and S5 in 4 sacra bone 
(7.4%), while the level of base was common at the 5
th
 sacra vertebra in 32 (59.3%) sacra and also at the coccyx 
in 16 (29.6%) sacra bone and 4
th
 sacra vertebra in 6 (11.1%) 
Table 3 shows the length, the transverse width and anteroposterior diameter of the sacral hiatus from the apex to 
the midpoint of the base. The length of the sacral hiatus ranged from 10.01-20.00mm in 20 (37.0%) sacra, 20.01-
30.00mm in 25 (46.3%) sacra bones and it is the most common, the uncommon ones are those that range from 
30.01-40.00mm and >50.00mm  found in 7(13.0%), 2(3.7%) sacra bones respectively. The transverse width of 
sacral hiatus ranged from 5.01mm>15.00mm and the anteroposterior diameter of sacral canal at the apex ranged 
from 0.00 – 3.00mm in 1(1.9%)sacra, 3.10-6.00mm in 33 (61.1%)sacra, 6.01-9.00mm(35.2%) sacra, 
and >9.00mm which is not really common. 
 
DISCUSSION 
The present study has shown that the shapes of sacral hiatus are variable with the most common being the 
inverted –V shape in 18 (33.3%) sacra followed by inverted –U shape in 13(24.1%) sacra. This was in line with 
the study conducted by Vinod et al., (1992) in which they noted that the most common shape of the sacral hiatus 
is the inverted V-shape in 94 (46.55) and inverted U- shape in 60 (29.70%) but was not in line with the study 
conducted by Nagar (2004) in which he observed the inverted U- shape in (41.5%) and inverted V- shape in 
(27%) sacra. It was also observed in the present study that 5 (9.3%) sacra was found to have its outline like 
dumbbell which was very low when compared to the previous work by Nagar (2004) in 36 (13.3%) sacra and 
Vinod et al., (1992) in 15(7.43%) sacra. Bifid sacral hiatus was seen in 3(5.6%) sacra in the present study which 
was similar with the work of Nagar (2004) in 4 (1.5%) sacra. There was complete agenesis of sacra hiatus as 
reported by Trotter et al., (1944) in 1.8% sacra, Vinod et al., (1992) in 3 (1.49%) sacra, and Nagar (2004) in 4 
(1.5%) sacra. It was noted in the present study that the absence of sacral hiatus due to bony over growth which is 
a rare phenomenon occurred in one sacrum, which was similar to the observations made by Nagar (2004) and 
Vinod et al., (1992). The shape of the sacra hiatus was irregular in 7 (13%) sacra in the present study which was 
similar to that observed by Nagar (2004) in 14.1% sacra.  
The apex of the sacral hiatus was most commonly found to be at the level of the fourth sacral vertebra in 36 
(66.7%) sacra which was in line with the observations by Peter et al., (2000), Nagar (2004) in (55.9%) sacra, 
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Vinod et al., (1992) in (76.23%) sacra and Sekiguchi et al., (2004). The base was seen at the level of the 5
th
 
sacral vertebra in 32 (59.3%) sacra in this study while in other studies conducted by Vinod et al.,(1992) it was 
noted in 168 (83.17%) sacra and Nagar (2004) in 191(72.6%) sacra of the 270 sacral bones studied in Gujarat 
state. 
The length of hiatus varied from 11-50mm in the present study which was similar to the previous work by 
Kumar et al., (1992) in which the mean length of the sacral hiatus was 20mm. similar results were also noted by 
earlier studies of Trotter et al., (1944) in which the length of hiatus varied from 0-60mm with a mean value of 
22.5mm. 
In this study, the sacra hiatus had a diameter of less than 3mm which is higher than that of the earlier studies by 
Trotter et al., (1947) who reported 5% cases with 0-2mm in diameter. It was also noted that the transverse width 
varied from 5.0-15mm, in more than half (70.4%) cases, transverse width of sacral hiatus at base was (>15mm) 
and in 18.5% cases transverse width was from 10-15mm which was similar to the study conducted by Nagar 
(2004) which ranged from 3mm-19mm and in more than half 54% cases it was 10-15mm and in 84% cases it 
was from 6-15mm. Trotter et al; (1944) who noted the transverse width to vary from 7-26mm, was higher 
compared to the present study. Sekiguchi et al;(2004) have reported a low arithmetic mean of transverse width to 
be 10.22mm this may be because they noted the average distance between the sacral cornua. 
 
CONCLUSION 
The present study has provided an insight into the relevance of the different positions of the sacral hiatus. The 
knowledge of anatomical variations of sacral hiatus is important during administration of caudal epidural 
anesthesia and may help to improve its success rate.  
This study is recommended to surgeons and anesthesiologists because of its relevance during caudal epidural 
anesthesia. 
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Table 1:   Table showing the shape of sacral hiatus  
S/No SHAPE FREQUENCY PERCENTAGE % 
1 Inverted U-Shape                                                         13                                     24.1 
Inverted V-Shape                                                         18                                     33.1 
Dumbbell Shape                                                           5                                        9.3 
Bifid Shape                                                                    3                                       5.6 
Elongated Shape                                                            8                                       14.8 
Irregular Shape                                                              7                                       13.0 
2 
3 
4 
5 
6 
7 Total          54    100.0 
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Table 2: Table showing the position of apex and base of the sacral hiatus. 
S/No VERTEBRA FREQUENCY PERCENTAGE % 
APEX OF SACRAL HIATUS 
1 2
nd 
 Sacral vertebra                                3                            5.6 
3
rd
 Sacral vertebra                                11                          20.4 
4
th
 Sacral vertebra                                36                          66.6 
5
th
 Sacral vertebra                                 4                             7.4 
2 
3 
4 
 Total                54       100.0 
BASE OF THE SACRAL HIATUS 
1 Coccyx                                                16                          29.6 
4
th
 Sacral vertebra                                 6                          11.1 
5
th
 Sacral vertebra                               32                           59.3 
2 
3 
 Total               54       100 
 
Table 3: Table showing the length, transverse width and anteroposterior diameter of sacral hiatus from apex to 
midpoint of base 
S/No INTERVALS FREQUENCY PERCENTAGE % 
LENGTH OF THE SACRAL HIATUS 
1 10.01-20.00mm                         20                             37.0 
20.01-30.00mm                         25                             46.3 
30.01-40.00mm                          7                              13.0 
>50.00mm                                  2                                3.7 
2 
3 
4 
5 Total             54      100.0 
TRANSVERSE WIDTH OF THE SACRAL HIATUS 
1 5.01-10.00mm                             6                             11.1 
10.01-15.00mm                          10                             18.5 
>15.00mm                                  38                             70.4 
2 
3 
 Total              54      100.0 
ANTEROPOSTERIOR DIAMETER OF THE SACRAL HIATUS 
1 0.00-3.00mm                                 1                                1.9 
3.10-6.00mm                                33                              61.1 
6.01-9.00mm                                 19                             35.2 
>9.00mm                                       1                                1.9 
2 
3 
4 
 Total                54          100.0 
 
             
Fig 1. Inverted U shaped sacrum.                                          Fig 2. Inverted V shaped sacrum.                   
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Fig 3. Dumbbell shaped sacrum.                                           Fig 4. Irregular shaped sacral hiatus 
          
Fig 5. Elongated shaped sacrum                                          Fig 6. Bifid shaped sacrum. 
 
 
Fig 7.  Agenesis of the sacral hiatus. 
 
